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ABSTRACT: A time-speed-distance computer instrument is 
described which uses coupled logarithmic and linear scales 
and a continuously indicating clock mechanism to allow com 
putation of travel time, estimated time of arrival, actual time 
of arrival, speed, elapsed time, distance traveled, current time, 
and other associated quantities, without reference to any 
other instrument or use of mental arithmetic, and without 
restriction on the magnitude of the variables. 
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TIME-SPEED-DISTANCE COMPUTER INSTRUMENT 

BACKGROUND OF THE INVENTION 

This invention relates to computer instruments and more 
particularly to a computer instrument for use in mobile vehi 
cles for rapidly and accurately computing the various required 
time, speed, and distance quantities without reference to any 
other instruments. 

In many situations it is necessary to calculate one of the 
three variables, time, speed, or distance, from the other two, 
rapidly, efficiently, and repetitively. An example, for which 
the calculator described here was speci?cally designed, is an 
aircraft ?ying under instrument flight rules (IFR). Under IFR 
conditions, the‘ pilot must tell a ground controller when he is 
over a designated point on the ground and the time at which 
he will be over the next designated point. Since the aircraft 
may be traveling at speeds exceeding 2 miles a minute, the 
pilot has very little time to perform calculations; yet he must 
maintain the proper altitude and direction at the same time. 
Thus the speed and efficiency of the calculation are critical to 
the safe operation of the aircraft in such conditions. 
A brief outline of the steps involved in position reporting 

will help in understanding the operation of the calculator to be 
described. These steps are almost essential in IFR ?ight and 
are considered good practice and commonly used in any 
?ight. Let it be assumed that the aircraft is over point B and 
that the pilot has an estimate of the ground speed from the 
time previously required to cover the distance from point A to 
point B. The distances, Dab, DM, etc., between all reporting 
points are assumed known from the preflight calculations. At 
or as near as possible to point B the pilot must report to the 
ground controller that he was over point B at time T,, and that 
his estimated time of arrival (ETA) over point C is time '1}. 
Times are reported in minutes after the hour. A typical 
sequence of events is as follows: (1) Arrival at point B is in 
dicated by a radio navigation instrument; the pilot writes down 
the time, T,,. (2) Using a circular slide rule calculator, he cal~ 
culates the estimated number of minutes, MM, required to 
cover the distance to} point ‘C, Doc, at a ground speed, SM, esti» 

_ mated from the previous leg of the ?ight. (3) He adds the 
number of minutes calculated, Mk, to the time, T,,. he arrived 
over point B, and arrives at his ETA. To, over point C. He then 
reports T, and To to the ground controller. On arrival over 
point C the pilot must repeat these three steps, but in addition 
he must ?rst recalculate his ground speed from point B to 
point C based on his actual time of arrival (ATA) over point 
C. To do this he (4) notes the actual time of arrival over point 
C, T.', and (5) subtracts T, from Tv'getting the actual number 
of minutes required to cover the distance DM. (6) Using the 
slide rule calculator he calculates his actual ground speed 
from point B to point C. He then repeats steps (I) to (3). This 
sequence is repeated at every check point as the ?ight 
progresses. 

in step (i) the pilot refers to a clock or watch and writes 
down the time. In step (2) he uses both hands to manipulate a 
slide rule-type device. in step (3) he sometimes can perform 
the addition mentally if the numbers are not large but for best 
accuracy, and to avoid forgetting, the operation is performed 
with a pencil. Similar procedures are used for steps(4l. (5). 
and (6). 
The many steps?looking at watch, writing with pencil, cal 

culating with slide rule. adding mentally. -—are extremely tax‘ 
, ing tothe manual and mental ability of asingle pilot especially 

in turbulent conditions. The practical embodiment of the 
. time-speed-distance calculator to be described was designed 

to substantially reduce the number of operations required and 
the number of instruments involved and eliminate the need for 
written numbers in the calculations just described. 

in the prior art are several instruments which perform the 
‘calculations of steps (2). (5), and (6).'For example, one dis 
plays'the estimated'numbcr of minutes.’ MM‘, required to cover 
the distance D“. and then continually displays‘ the number of 
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minutes left until point C is crossed and also displays the 
distance traveled since crossing point B. Upon crossing point 
C the resolution of the indicated distance traveled with the ac 
tual known distance between’points B and C results in the dis 
play of the actual ground speed S0,, whereupon the next time 
calculation can be made. However, the use of a clock and 
some mental or manual calculation are still required to ac. 
complish steps ( l ), (3) and (4). In addition, individual models 
of these instruments are limited to particular speed ranges. 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to provide an in’ 
strument which is capable of performing all the steps, (I) 
through (6), without the use of any other instruments and 
without any mental or manual calculations. 

It is a further object of this invention to provide a single in 
strument which has no limitation on the speed range with 
which it can be used and is therefore applicable to any situa 
tion where such calculations are required. 

In accordance with the invention a clock mechanism pro» 
vides correct time information continuously and also drives a 
moving linear time scale which indicates the number of 
minutes required to travel between check points. The linear 
time scales are associated by means of a set of lines with a 
movable logarithmic distance scale. The division or multipli 
cation required in the solution of the time-speed-distance for 
mula is accomplished by means of the logarithmic scale; the 
‘addition or subtraction of times by the linear time scales. The 
linear time scales are eccentrically located relative to the 
logarithmic scales in such a way as to make the scales more 
readable than they would otherwise be. The use of a two-cycle 
logarithmic scale also gives the clearest arrangement of the 
scales and provides a directly indicated speed range of two 
decades. in the practical embodiment shown. a movable index 
marks a point on the logarithmic distance scale so that quanti 
ties relative to this distance are easily found. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a top view of the invention showing the various 
scales and their relative arrangements; 

FIG. 2 is a cross section also showing the mechanical con‘ 
struction and in particular the scale mounting and the provi 
sions for rotating the clock mechanism. 

DETAiLED oescnrrrron 
Referring to FIG. 1, there is shown a faceplate 3 with a on’ 

cular outer edge in and a circular hole )9 located eccentri~ 
cally and within the outer edge 18. The faceplate 3 has a set of 
nonintersecting lines 4 extending from the outer edge in to 
the edge of the hole 19, The outer ends of the lines 4 are 
spaced logarithmically around the outer edge 18 and linearly 
around the edge of hole l9. An outer annular scale card i is 
located concentric with and adjacent to the outer edge 18 of 
the face plate 3. The scale card i has a logarithmic scale 2 
with two logarithmic cycles and numerials from 10 to that). 
The numerals can represent any number by imagining a 
decimal point properly located. The logarithmic scale 2 has 
the same scale factor as the outer ends of lines 4 making the 
scales compatible. Tab ring 12 is rotatably mounted adjacent 
to scale card i and has a distance index it for marking a 
distance on scale 2. 

Still referring to FIG. 1 there is shown an annular inner scale 
card 5 concentric and adjacent to the edge of hole 19 and 
located within hole 19. Scale card 5 has a linear scale 6 with a 
calibrations from 0 to 59. Associated and moving with scale 
card 5 is a pointer indicator 9 and both scale card 5 and 
pointer indicator 9 are attached rigidly to and driven by shaft 

‘ 10. Located within and adjacent to scale 6 is a second linear 
time scale 8 located on the face 7 of the clock mechanism. 
Time scale b has calibrations from 0 to S9 and the time divi 
sions oniscales 6 and 8 have the same scale factor as the inner 
ends of Plines 4. Scale card i is rotatable with respect to 
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faceplate 3',=linear scale‘8 is rotatable-with respect to faceplate‘? ' 
3;‘andllinear scale 6 and pointer indicator 9 are rotatably' 
driven by the shaft 10 with respect to scale 8 and thereby with 
respect to‘ faceplate 3. Located on faceplate 3 and actually 
one of the set of lines 4 is a “set zero" index 13 and a “ground 
speed“ index 14. The operation of the invention will be 
described in detail referring to the parts shown in FIG. 1 after 
a discussion of the mechanical arrangement used for allowing 
the relative movements of the scales just described. 

FIG. 2 shows a cross section as indicated on FIG. 1. Refer 
ring to FIG. 2, faceplate 3 has recessed edges on the underside 
into which fit scale card 1 and tab ring 12 on the outside edge, 
arid a transparent cover 20 at the inner edge of hole 19. The 
cover 20 is rigidly attached to clock mechanism 15 which 
drives shaft 10. Lower plate 16 extends past the recessed 
edges of faceplate 3 and is rigidly attached to faceplate 3 
thereby retaining scale card 1, tab ring 12, and cover 20 in 
place. Scale card 5 is a transparent disk with scale 6 located 
around the outer edge and pointer indicator 9 extending radi 
ally outward from shaft 10. Scale card 5 is rigidly attached to ‘ 
shaft 10 which is driven by clock mechanism 15. The clock 
mechanism 15 has a stem 17 for winding and setting the 
pointer indicator 9 to the current time on scale 8. Scale 8 is 
imprinted on the face 7 of clock mechanism 15. 2 

Referring again to FIG. 1, the operation of the invention will 
now be described in the context of the lFR aircraft ?ight 
previously discussed. it should be understood that this exam 
pie is used for simplicity and clarity of explanation of thcin~ 
vention and that the invention has much broader applications‘ 

such as in certain types of sports car rallying; . At a convenient time prior to the ?ight, the pilot sets'the 

pointer indicator 9 to the current time in minutes afterlthe 
hour as indicated on scale 8. For the remainder of the discus 
sion itwill be assumed that pointer indicator 9 indicateson 
scale 8 the correct current time in minutes after the hour. _, , 

Assuming the plane is approaching point B, it wiilnow be 
demonstrated how steps (I), (2), and (3) of the previous ex 
ample are accomplished solely by reference to the invention. 
The pilot ?rst estimates his ground ‘speed SM at say 120 m.p.h. 
and moves scale 2 so that I20 m.p.h. is adjacent to the “~ 
ground speedTindex 14. Upon crossing point B the entire 
clock mechanism (including scales 6 and 8) is rotated so that 
pointer indicator 9 and zero on scale 6 are adjacent to“"set 
zero" index 13. The pointer indicator 9 in conjunction with 
scale 8 indicates that the time, TD, of the crossing of point B is 

v 49 minutes after the hour. Distance index !1 is moved to the 
number corresponding to the distance D“, say 50 miles.'Fol 
lowingthe one line of the set of lines 4 which is located nearest 
the distance D” on scale 2 to its terminus at scales 6 and 8, the 
time required to travel the distance Db‘. at speed 39b is in= 
dicated on scale 6 as 25 minutes. At that same point on scale 8 
is indicated the estimated time of arrival, T p, at point C of i4 
.minutes after the hour. Steps (l), (2), and (3) will have been 
accomplished with reference to one instrument and with only 
two manipulations required. ' I ~ . 

Between points B and C, the invention provides the follow 
ing useful information. Scale 6, read opposite distance index 
11 continuously displays the number of minutes remaining 
until point C is crossed. Scale 6, road at the "set zero" index 
[3, with a mental subtraction (a reversed scale could be added 
to indicate this quantity directly) continuously displays the 
number of miles traveled from point B and, by a rncntalsub= 
traction from the number under distance index 11‘, scale 2 in= 
dicates the number of miles remaining to point 
Assuming arrival over point C it will now be demonstrated 

how the actual ground speed is determined, accomplishing 
steps (4), (5), and (6) of the previous example. To illustrate, 
assume that on arrival at point C the time is 9 minutes after the 
hour as indicated on scale 8 by pointer indicator 9. Since the 
distance is known to have been 50 miles, scale 2 and index ll 
are rotated to be opposite the pointer indicator 9. The actual 
ground speed is then displayed under the "ground speed“ 
index 14. By rotating the entire clock mechanism to so that 
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4 
the pointer indicator 9 and zero on scale 6 are adjacent to the‘ 
“set zero” index 13,‘ and settinggthe distance index 11 to the 
distance of the next point, the ATA for point C and ETA for 
the next point are displayed'as before using the corrected 
ground speed. I a . 

One basic principle used by this invention is a unique pro 
perty of two adjacent logarithmic scales; that is, the ratio of a 
number on one logarithmic scale to the adjacent number on 
the other logarithmic scale is the same for all adjacent pairs of 
numbers on the two scales. For example, if l‘)l is ‘a distance on 
logarithmic scale A the the time T1 is the adjacent number on 
logarithmic scale B, then D,/T ,=D/T_for all-other pairs of ad 
jacent numbers, D and T. Since DIITl is a distance per unit 
time it equals a speed S. Referring to FIG. I, if the desired 
speed S, say 120 m.p.h., is set opposite the “,groundspeed“ 
index 14, the ratio l20 miles per 60 minutes or I20 m.p.h. is 
established for all other pairs of numbers on scale 2 and on 
scale 6 which is associated with scale 2 by the set of lines 4. 
:Once the ratio is established the time T. required to travel any 
distance D is indicated on scale 6 opposite the distance D on 
scale 2. Since the logarithmic scale can represent any number, 
any speed can be used. This computer differs from the prior 
:art in time-speed-distance. computers in that it uses the 
logarithmic principle whereas the prior art has used sets of 
Pfmechanically indicated graphical and tabular solutions of the 
time-speed-distance equations, resulting in limited speed 
ranges. A second basic principle used in this invention is the 
transformation of a set of linearly displaced numbers into a 
logarithmic displacement by a set of lines, the set of lines 4. As 
a result of the transforming set of lines 4, the time quantities 
computed on the logarithmic scales are displayed on a linear 
scale, thus allowing addition and subtraction of time quantities 
by use of linear scales ‘6 and 8. The unique association of 
logarithmic and linear scales by the transforming lines 4 allows 

‘alllfour operations=multiplication, division, addition, and 
éubtractiom-requircd in the complete solution of steps (I) 
'through‘w) of the previous example to be accomplished by 
this’one computer instrument. 
' lclairh: ' - 

l; A computer instrument comprising: 
‘ aifacepiate, . ‘ ' " 

4 index means on said faceplate, 
‘ a first scale card forming a first common 
" faceplate, 

' a first scale on said first card arranged 
‘ the ?rst common boundary. 

' , a second scale card forming a second common boundary 

boundary with said 

logarithmically along 

' t , with‘s'aidfaceplate.butnotintcrsectingsaid firstcommon 

‘ ‘ boundary, 

a second‘scale on said second card arranged linearly along 
' the second common boundary, with calibrations increas 

_ ing from zero, 
support‘ ‘means for adjustable positioning said ?rst and 

, second scale cards with respect to said faceplate, 
.and‘a set of nonintcrsecting lines on said faceplate extend 

ing generally from the first common boundary to the 
secondlcornmon boundary with the ?rst termini of said 
sctof lines arranged logarithmically along the ?rst com~ 
mon boundary with the same period of logarithmic varia-v 
tion as said first scale. and with the second termini of said 
set of lines arranged linearly along the second common 

' boundary with the same linear increment as said second 
, scale thereby associating selected points on said first scale 
with corresponding points on said second scale, said set of 
lines so arranged that when the zero calibration mark of 
said second scale is aligned with said index means on said 
faceplate. then the ratio of the values at the associated 
points on said firstand second scales is the same for every 
set of associatedpoints, 

a third scale card forming a third common boundary with 
said secondscalc card, but not intersection with second 
commonboundary, . 
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a third scale on said third scale card arranged linearly along 
‘ said third common boundary, with calibrations increasing 
from zero and having. the same linear increment as said 
second scale, said third scale being successively registera 
ble with respect to said second scale, 

and second support means for positioning said third scale 
relative to said second scale. 

2. A computer instrument as in claim 1 ‘wherein said ?rst, 
second, and third scale cards are circular thereby forming 
closed and continuous ?rst, second, and third common boun 
daries, and wherein said support means allows continuous 
rotation of each scale relative to the other. 

3. A computer instrument as in claim 2 wherein the second 
and third common boundaries‘of said faceplate and second 
and third scale cards are concentric but are eccentric with 
respect to the ?rst common boundary of said faceplate and 
said ?rst scale card. 

4. A computer instrument as in claim 2 wherein said ?rst 
scale on said ?rst scale card has two cycles of logarithmic 
variation. 

5. A computer instrument as in claim 2 wherein said support 
means includes a driving means for driving said second scale 
card at a linear rate with respect to the quantity indicated by 
said second scale. 

6. A computer instrument as in claim 2 in which said ?rst 
scale represents distance and said second and third scales 
represent time. 

7. A computer instrument as in claim 3 wherein said ?rst 
scale has two logarithmic cycles and represents quantities of 
distance, said second scale represents time, said driving means 
is a clock mechanism thereby driving said second scale card at 
a linear rate with time relative to said faceplate and said third 
scale card, said sccord scale includes pointer means pointing 
radially outward from the center of said second scale toward 
said second scale thereby indicating a time quantity on said 
third scale, said third set of lines includes index means as 
sociating a given distance on said ?rst scale with a given time 
on said second scale thereby de?ning a ratio of distance to 
time which is a speed, said set of lines on said faceplate mu» 
tually connects pairs of distances and times on said ?rst and 
second scales which have equal ratios, said computer instru= 
ment includes a distance index card sdjustably mounted ad 
jacent to said ?rst scale card and bearing thereon an index for 
indicating a distance on said ?rst scale. 

8. A computer instrument comprising: 
a ?at faceplate with a circular outer edge and a circular 

inner edge, the outer and inner edges being recessed on 
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6 
the underside of said faceplate, - 

a set of nonintersecting lines on said faceplate, the outer ter 
mini of said lines being spaced logarithmically along said 
outer edge and the inner termini of said graph lines being 
spaced linearly along said inner edge, 

a ?at annular scale card rotatably mounted in the recess of 
the outer edge of said faceplate, 

a distance scale on said ?rst scale card with indicia spaced 
logarithmically around said ?rst scale card in juxtaposi 
tion with said outer termini of said lines of said faceplate, 

a ?at annular index card rotatably mounted in the recess of 
the outer edge of said faceplate, said index card bearing 
thereon means for indicating a point on said scale card 
and being in frictional contact with said scale card, 

a clock mechanism including a shaft which rotates at a 
linear time rate when the clock mechanism is actuated, 

a ?rst linear time scale on the top face of the clock 
mechanism, 

a ?at circular disk rigidly attached to the shaft of said clock 
mechanism, said‘ disk being transparent thereby allowing 
said ?rst time scale to be seen, 

a second linear time scale around the outer perimeter of 
said disk with the inner boundary of said second scale 
lying in juxtaposition with the outer perimeter of said ?rst 
time scale, 

an indicator line on said disk extending radially outward 
from the shaft to a osition near said ?rst time scale, 

a circular cylindrica transparent cover positioned above 
said disk and rigidly attached to said clock mechanism, 
said cover having a ?ange around the outside of said 
cover, the ?ange rotatably ?tting in the recess in the inner 
edge of said faceplate, 

a lower plate attached rigidly to said faceplate and extend 
ing past the outer and inner recessed edges of said 
faceplate thereby retaining said scale card and said index 
card in the recess in the outer edge of said faceplate and 
retaining the cover ?ange in the recess in the inner edge 
of said faceplate. 

9. A computer instrument as in claim 8 wherein the circular 
inner edge of said faceplate is ccccntrically located with 
respect to the outer edge and wholly contained therein. 

10. A computer instrument as in claim 3 wherein said 
distance scale contains two logarithmic cycles of variation, 
said lines on said faceplate include an index line associating a 
given distance on said distance scale with a given time on said 
second time scale thereby de?ning a ratio of distance to time 
and a speed. 


